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ABSTRACT 
Data from  the 1952 Tornado  and  Severe  Storm  Observational  Ketwork  indicate  that,  pressure  waves  (abrupt 

variations  in  surface  pressure)  occur  frequently  in  the  Central  Midwest.  These  waves  are classified and  studied  sta- 
tistically  for  relationships  with  certain  weather  phenomena.  Elevation  type  wave  lines  are  found  to  coincide  with 
certain  synoptic  discontinuities  (squall  lines, cold fronts,  etc.).  Thunderstorm  activity  accompanied 78 percent of 
these  lines, and  tornadoes  occurred  with 27 percent. Data on  the  motion of elevation  type  wave lines, and  on  the size, 
amplitude,  and  duration of their fields of activity  are  summarized. A marked  tendency for these  waves t o  occur 
during  nocturnal  hours is found.  Depression  type  wave  lines  are  found  not  to coincide wit’h  ordinary  synoptic dis- 
continuities. A combination  type  wave is described  and  some  specnlation  on  its significance  is made.  Examination 
of the  relation of tornadoes  to  pressure  waves  shows a tendency  for  tornadoes  to  occur  in specific portions of the 
elevation  wave field. 

INTRODUCTION 

For  many  years meteorologists  have recognized t’hat 
abrupt  variations  may  occur  in  the  surface  pressure. 
Byers and  Braham [4] showed  how certain  such  pressure 
changes may  be  related  to  thunderstorms. Williams  [15] 
studied the  abrupt pressure rises that occur with  a  squall 
line passage. Tepper [9, 10, 11, 141 showed that such 
pressure rises are  actually  propagated waves and suggested 
that  they  are  the cause rather  than  the  result of the squall 
line. He  has given the  name  LLpressure  jump”  to  them 
from their  similarity to  hydraulic  jumps. In  other 
literature (cf. [l through 8, and 121) pressure  disturbances 
of various  kinds have been studied,  and  a  variety of names, 
such as pressure jump, pressure  fluctuation,  pressure 
pulsation,  propagated  pressure  wave,  elevation type  wave, 
depression type wave,  pressure  dome,  pressure nose, 
pressure hump,  thunder nose, thunderstorm  high,  and 
others,  have been  used to describe appropriate pressure 
disturbances. The expression pressure  wave, or simpl\- 
wave, will be  used in  this  paper to denote all such changes in 
pressure. 

Data from the 1952 Tornado  and Severe Storm 
Observational  Network  indicate that pressure waves occur 
frequently in  the  Central Midwest  area and  that useful 
relationships exist between  such  waves and  the associated 
weather. The purpose of this  paper  is  to call attention  to 
several of these  relationships that  may be of interest’  to 
meteorologists. Although occasional speculations are 

Decemher30, 1952, St. Louis, Mo., under  the  title  “Perturbations in the  Surface  Pressure, 
1 Presented at  the 119th  National  Meeting of the  American  Meteorological  Society, 

Central  Midwest  Area, 1952.” 
4 Barogramsfrom90cooperative stations  in  Kansas,  Oklahoma,  and  Nebraska; 6 hourly 

surface synoptic  reports  from  teletype  circuits;  hourly and special  observations  from 
selected  First and Second  Order Weather  Bureau  stations in  Kansas, Oklahoma, Nc- 
braska. and Missouri;  tornado  reports  from  observers and news clipping  services. These 
datawere for the period February 1,1952. through  .iugust 31,1952. 

made, most of the  information consists of factual and 
statistical  relationships taken from the  observational  data. 

The  author  made  this  study a t  Kansas  City, Mo., in 
his capacity  as  Field  5Ianager of the  Tornado  and Severe 
Storm Observational  Network.  More  complete  investi- 
gations  are being conducted  independently  by  a research 
group  in  the Division of Scientific Services, U. S. Weather 
Bureau,  Washington, D. C.,  and  a  summary of its findings 
will  be published a t  a  later d a h .  

The area  studied includes southern  Nebraska,  Kansas, 
and  northern Oklahoma.  Basic data consist of barograph 
traces  on an expanded  time scale of  12 hours  per  revolution, 
obtained  from 90 cooperative stations which  were spaced 
from 25 to 50 miles apart.  The 1952 network of stations 
was similar to  the 1951 network [13], except that stations 
were less dense and  a larger  area was covered. Synoptic 
and hourly reports from stations  in  the  area,  and  reports 
of tornado occurrcnce were also used. 

DEFINITIONS  AND  METHODS O F  ANALYSIS 

A pressure wave is regarded in  this  study  as  a considerable 
change  in  pressure that occurs during  a  short  interval of 
time.  Pressure waves are recognized as  perturbations on 
the generally steady  trace of the 12-hour barogram. 
For  the purpose of this  study only  those changes in pressure 
were  examined in which there was a clear cut  perturbation 
on the  trace of 0.03 inch or more a t  three or more  adjacent 
stat’ions.  Most cases greatly exceeded these  limits. 

Pressure  waves are  rarely  isolated  but occur along con- 
tinuous  lines, which may be identified as pressure wave 
lines. Such  a line moves in  a  continuous  manner across 
an  area,  and  this  area  may be defined as  the pressure wane 

Jield. No attempt was made to study  the few isolated 
pressure waves that were noted. 
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FIGURE 1.-Examples of elevation type pressure waves as recorded by the 12-hour 
barograph. 

Elevation  type  waves show a  resulting  increase  in  pressure. 
On a  micro-synoptic chart (and occasionally on rqacro- 
charts) such  a  wave  is  evident as a micro-ridge [15]. The 
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FIGURE Z.-Examples of depression type pressure naves  aspcorded by the 12-hour 
barograph. 

elevation  type wave line delineates the  onset of the ridge. 
Depression  type  waves show a  resulting decrease in pressure. 
On  a  micro-synoptic chart  (but  rarely  on macro-charts) 
such  a  wave  is  evident  as  a  micro-trough. The  depressipn, 
type  wave  line is  chosen to  delineate  the  bottom of Ule 
micro-trough.  Examples of elevation and depression type 
waves are shown in  the  barograms  in figures 1 and 2.. , 

I n  order to  study pressure  waves, isochrone charts were 
constructed.  Time of wave  line passage and  total  amount, 
of pressure  change were plotted for each  station; Iso- 
chrones were drawn for 30-minute  intervals to show suc- 
cessive positions of the pressure  wave lines. Isopleths of 
each 0.02-inch total change in pressure were also drawn 
to show the  amplitude of the waves. Examples of iso-. 
chrone charts for elevation and depression type wave 
lines, which occurred on  May 13-14, 1952. are shown in. 
figures 3 and 4. 8 ,  

I n  addition  to isochrone charts, sectional surface synop- 
tic charts .of the  Central  Midwest Area  were drawn. I n  
only rare cases were the two charts inconsistent,  although 
frequently  the isochrone charts revealed  synoptic  features, 
that were not  apparent  on  the sectional  charts. Exam- 
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FIQUBE 3.-hchrOne  chart of an elevation  type  wave  line  that  occurred  with a pre- 
cold-frontal squall  line on May 13-14,  1952. Central  Standard  Time is used. 

ples of sectional  synoptic charts for the  May 13-14, 1952, 
case are shown in  figures 5 and 6. 

In some cases series of micro-synoptic charts a t  1- or 
2-hour intervals were constructed. A series of five such 
charts, a t  2-hour intervals  for  the May 13-14, 1952, case, 
is shown in figures 7-1 1. 

ELEVATION TYPE WAVES 
WAVE  PATTERNS 

Elevation type wave patterns  on  the barograms vary. 
Generally an elevation type wave  is not unique in  pattern 
over all of its field. One or more patterns  may occur in 
the same field with  gradual  or  abrupt  transitions from  one 
pattern  to  another. Following is a listing of several pat- 
terns, examples of which are shown in figure 1: pressure 
jump,  steep  pressure  rise,  gradual  pressure  rise,  pressure 
jump followed by damped  harmonic  oscillations, and pres- 
sure nose. 

Pressure  jumps  have  been  investigated by  Tepper [9, 
10, 11, 141, and  the  reader is  referred to his  works  for a 
description of them.  Steep  and  gradual  pressure  rises 
often  appear to be  variations of the pressure  jump.  There 
is a tendency  for an elevation type wave to  appear fist 
as a steep  pressure  rise, after which it  may evolve into a 
pressure jump,  thence  degenerating into a gradual  pres- 
sure rise. 

The  pressure jump followed by a series of damped har- 
monic oscillations  is quite local, seldom occurring  over 

S Theexpression  “elevation type  wave” is used  here in a geometric sense, indicating  only 
that a rise in pressure has  occurred. It does  not necessarily imply an elevation type wave 
in the  dynamic sense as d e h e d   b y  Tepper 1141. 

... ../ 
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FIWJBE 4.-Isochrone chart of a depression  type wave  line that was associated with ths 
pre-cold-frontal squall line of May 13-14,1952. Central  Standard  Time is used. 

more than 25 percent of the field when it does occur. 
Oscillations may persist a t  a  station for  over an  hour with 
as many as a dozen oscillations  occurring  during that time. 
Frequency of oscillation  is  nearly  constant  for  all cases, 
and is of the order of 5 to 10 minutes.  Amplitude of 
oscillation may  be  as  great  as 0.10 inch  for the first oscilla- 
tion,  decreasing  uniformly  thereafter until completely 
damped out. Oscillations are discussed by  Tepper [14]. 

Pressure noses are  very local and  are  frequently  additive 
to some other  wave,  such as a pressure jump. In  a few 
cases it was noted that hail fell at  the time of the pressure 
nose. 

There  are  many  variations  and  combinations of the 
above patterns. Although  recurrent  patterns  have been 
listed,  the discussion to follow  will treat general  features 
of all  elevation type waves rather  than  any special  features 
of individual patterns. 

RELATION TO SYNOPTIC  DISCONTINUITIES 

Of the 243 waves studied, 157 were of the elevation 
type.  These  wave  lines were coincident  with  several 
types of synoptic  discontinuities as shown in  table 1. 
Elevation  type wave lines were found to coincide with 
surface cold fronts, cold fronts  aloft,  pre-cold-frontal 

that elevation type  wave  lines  apparently coincide with  certain  synoptic  discontinuities. 
4 The expression “coincident”  must  be  quali5ed here. Actually it can  only  be  said 

A  very  critical  analysis  might  reveal that certain  such  lines  are  actually  distinct  and 
separate from the  associated  synoptic  discontinuities,  dependent in part  upon a rigorous 
definition of exactly what constitutes  such  discontinuities.  Eowever,  for the purpose 
of this  paper,  the  lines were in all cases sufficiently close to  the  associated  synoptic  dis- 
continuities to be  considered as “coincident” in the sense just  described. 

6 The analyses of synoptic  discontinuities were made by  the  author  and  may  not neces- 
sarily agree with  those of other  analysts. 
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FIQWE 5.-Sectionsl synoptic chart of the Centrfil Midwest Area, 0030 CST, May 14,1952. 

squall lines, and isolated  squall  lines. In  addition  they 
also coincided with  certain  isolated  discontinuities which 
were not  obvious at  all  on the  synoptic  chart.  Elevation 
type  wave  lines were never  coincident  with  surface  warm 
fronts. 

Most of the wave lines which coincided with  isolated 
discontinuities were small in length  and of short  duration. 
Although many of these  lines  occurred  in  the  vicinity 
of fronts or squall  lines,  their  orientation was such that 
they could not properly be classed as fronts  or  squall 
lines in  the usual sense. Certain possibilities exist rela- 
tive to these lines: (1) They  may represent the movement 
of so-called “isolated,  air  mass”  thunderstorms; (2) a 
more refined method of analysis  might  reveal some of 

them  actually  to  be  fronts  or  squall  lines (Brunk [3] 
apparently includes  similar  isolated  discontinuities as 
squall  lines); (3) they  may  represent discontinuities of 8 
unique type which are different from ordinary  fronts  and 
squall  lines. 

The  May 13-14, 1952, example, shown in figures 3 and 
5-11 is an elevation type  wave  line which is coincident 
with a pre-cold-frontal  squall  line. 

Although it is  indicated that elevation type wave lines 
may coincide with  certain  synoptic  discontinuities, it  
does not follow that such  discontinuities  always  have 
pressure  wave  lines  in coincidence with them.  Further- 
more, in  many cases, elevation type waves may occur 
along  only  limited  segments of the discontinuity, rather 
than along  all of it. 
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FIGURE 6,"Sectional synoptic  chart of tho  Central  Midwest Area. 0630 CBT, May 14, 1952. 

RELATION T O  WEATHER 

Thunderstorm  act,ivity is generally, but  not always, 
associated with  the passage of an elevat,ion type wave 
line, regardless of the  type of discont,inuity  with which 
it is  coincident. I n  most cases this  activity will  be 
evident  as  a line of thunderstorms  more or less coincident 
with the line. I n  some cases t,he activity  may  be of less 
than  thunderstorm  proportions,  i. e. ra,in showers, cumuli 
congesti, or brief variations  in wind direction and velocity. 
I n  some cases there is apparent,ly no activit,y a t  all. 
Thunderstorm  activity  may be extremely  variable  along 
the  line; some segments of the line may experience little 
or no activity, while others  may  have  storms of great 
severity.  Table 1 shows those cases of elevation  t'ype 

wave lines which had associated  thunderstorms. Verifi- 
cation of thunderstorm  activity was  assumed if at  least 
one  report of thundershowers, thunder, or lightning was 
made somewhere in  the field at  the t'ime that' or very 
shortly  after,  the line passed the  st'ation. 

In  cases where  no thunderstorms were reported, these 
possibilities exist': (1) Thunderstorms  may  have occurred 
along segment's of t,he  line which did not pass any reporting 
stations; ( 2 )  lesser activity  may  have  occurred; (3) there 
may  have been  no activity a t  all. Tepper [14] shows 
t,hat (3) does occur. While this is important  in substan- 
tiating  the pressure jump  theory, it is not  the usual case. 
Most elevation type wave  lines do have associated thun- 
derstorm  activity. 
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In  the  May 13-14, 1952, case, t8hunderstorms occurred 
at 5 of 15 reporting  stations,  lightning or t'hunder was 
observed a t  4 others,  and  variations  in wind direction and 
velocity were reported at  5 ot'hers. Only one stat'ion 
showed  no evidence of some activity. 

TABLE 1.-Features of elevation  type  wave  lines  according  to  their 
coincidence  with  various  synoptic  discontinuities 

Type of discontinuit> 

Number of  cases  coincidcnt 
with synoptic disconti- 
nuities .... ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ .  

Number of combination 
types . ~ ~ . ~ ~ ~ ~ . . ~ ~ ~ ~ . . . . ~  

Porcencofcomhination 

Numher of caws with 
types """ ~~~. .. . .~  

damued  harmonicoscilla- 
tions.".."" .... ~~ .... ~ 

Percent of cases with 
damped harmonic o s  
ciliations.-. . . . ~ ~ .~ ~. 

?\'umber of cases with 
thunderstorm  activity- ~ 

Percent of cases with 
thunderstorm  activ- 

~ ~~ 

out  thunderstorm ac- 1 
tivity ...... ~~~~~~ .... 

Kumher of cases, thunder- 
derstorm activity  unde- 

Number of cases with tor- 
termined ..... ~~ ..... ~~~~~ 

nadoes . . . ~ . ~ ~ ~ . . . . ~ ~ ~ ~ ~ ~ ~  
Pcrcent of cases with 

Number of  tornadoes.. . .~ .  
t o r n a d o e s ~ . ~ ~ ~ ~ ~ ~ ~ ~ . .  
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FIGURE 7.-Micro-synoptic chart, 2230 CST, May 13,1952. Sea level  pressures are plotted 
in inches and isobars are drawn for each 0.03 inch.  Tendencies are plotted  in  hun- 
dredths of inches per 30 minutes. All other  data are plotted  in  the conventional 
manner. 

2975 - - \ I  
29 72 

FICCRE 8.-Micro-synoptic chart, 0030 CST, May 14, 1952. Note  that  the elevation type 
wave line  (squall  line) and depression type wave line  have  entered  the network from 
the  northwest  and  that  they  are  separated  hy a small,  intense micro-ridge. 

FIGURE 9."Micro-synoptic  chart, 0230 CST, May 14, 1952. The surface  cold front is now 

midway between the cold front  and  squall line. 
entering  the  network from the  northwest.  The depression type wave  line lies about 
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TABLE 2.-Cases of elevation type wave lines according to directions 
from which they moved 

1 Number of cases 

Direction  in degrees Pre-cold- Isolated 1 1 I gFt 
Cold 

tinuity aloft 
discon-  front 
Isolated 

- _ ~ _ _ _ ~ ~ - _ _ _ _ _ _  
00-29" 
30-59" - - - -" "" - - - - ". 4 1  1 2 ..................................... 

1 ........................................................ 120-149. 
.............................................................................. 90-119 
............................................................................. 6C-89.. 

" _ " _ _ _ _ _  ""_ "" "" """  """"" . . ."_ _ "  " .. _ _  
1 

150-179.- ....................................................... 1 1 

210-239" - " -"  -"  -" ". 
l*m""""""".. 

2 1 
4 4 

4 . - - - - - - - - - 
.0-269............... 

7 

270-.9 

14 
6 
6 2 

1 

33.59................ 
8 3 

38 
22 

12 6 
1 13 300-329.. - - - -" ". - "_. 

25 
12 ................. 

9  3 6 

41 
. 1 .......... 14 1  3 18 

Unknown.. .................................................... 4 4 

......................................... 

.. 

FIGIJBE 10.-Micro-synoptic chart, 0430 CST, May 14, 1952. The micro-ridge has weak- 
ened and elongated. The micro-trough  has  deepened and  its  pressure is now lower 
than  the  pressure along the  surface cold front. 

FICXIBE Il.-Microsynoptic  chart, 0630 CST, May 14, 1952. The  squall  line is nearly 
dissipated.  However,  a  weak  micro-ridge and a long narrow  micro-trough Still re- 
main. 

Total 

50 I 

DIRECTION  (DEGREES) 

FIGURE lZ.-Frequency of directions from which  elevation  type  wave  lines moved. 

TABLE $.-Cases of elevation type wave lines according to speeds at 
which they moved 

I Number of eases 

front discon- 
Cold Isolated 

aloft tinuity 

15-19 """"""""".I 3 I """"" I 2 

4~"""""""""- 5 1  3 
45-48" - - - - " - - - - - 3 . - - - - - - - - - 2 
50-54" - - - - - - - - - -. - - - - - - 1 ................... 
55-59" " - - _ _ "  ._  "_". ""_ -. . _ _  " "."". 1 
60 and  over .......................................... 
Unkuown ........................................... 

.......... 1 
""""" 6 

2 
7 

10 
7 

3 
2 7 

5 
""""" 3 

Total 
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Although  thunderstorms  are shown generally to occur 
along  elevation type wave  lines, they  may also occur 
without an appreciable  pressure wave. Pre-warm-frontal 
thunderstorms  and  truly  isolated,  air  mass  thunderstorms 
are  in  this category. No attempt was made  to  enumerate 
those  thunderstorms  which  occurred  without  coincident 
pressure  wave lines. 

MOTION 

Motion  is  assumed  to  be  normal  to  the  elevation  type 
wave line  itself, and is  usually  such that  the central 
,portions of the line  move in  advance of the extremities. 
Hence, the lines are usually convex toward the direction 
of motion. 

Directions  from which the 157 elevation type wave  lines 
moved are summarized in  table 2 and  the frequency 
distribution of movement  from the various  directions  is 
graphed  in  figure 12. Note  that a maximum of lines 
moved from 3OO0-329O (northwest),  and that none moved 
from 3Oo-119O (east and  northeast). 

Speeds a t  which the 157 elevation-type  wave  lines 
moved are summarized  in  table 3 and  the frequency dis- 
tribution of the various  speeds is graphed in figure 13. 
A maximum of lines had speeds  within the range of 30 
to 34 miles per  hour. 

The above are average  values.  Since any pressure 
wave line may accelerate or decelerate  either  in  local 
segments or along its entire  length,  there  is  considerable 
variation  from the averages  given. 

SIZE,  AMPLITUDE,  AND  DURATION OF PRESSURE  WAVE  FIELDS 

Pressure wave fields varied  considerably  in size. Some 
covered virtually  the  entire  network  (about 150,000 square 
miles), and presumably  additional  areas  outside the  net- 
work  were covered in  many cases. On the  other  hand, 
fields  were sometimes as small as  a few counties  (about 
5,000 square miles). It is further possible that some 
fields  were actually  smaller  than  the  spacings  between 
stations;  hence were not identified. The usual  case  was 
one wherein the field covered about half a  State  (about 
40,000 square  miles). 

Most  pressure wave fields had one or  two  centers of 
maximum amplitude. In  many  cases the  centers of 
maximum amplitude coincided with  the  centers of maxi- 
mum intensity of the  weather elements,  such as severe 
thunderstorms,  windstorms,  hail,  heavy  rain, and occa- 
sionally tornadoes.  Maximum  amplitude of pressure 
wave fields  ranged  from 0.03 inch to 0.30 inch. The 
maximum amplitudes as related  to  coincident  synoptic 
discontinuities  are  summarized  in  table 4 and  the fre- 
quency distribution of all  maximum  amplitudes  is  graphed 
in figure 14. 

Duration of pressure wave fields could,  unfortunately, 
be considered only  within the network.  Although the 
durations of all  fields  over the network were computed, 
the findings  do not give a complete  picture.  However, it  
was learned that some fields  endured  for a t  least 14 hours, 

while others existed not even 1 hour.  Many of the fields 
were in  existence  less than 6 hours. 

PREFERRED HOURS AND  AREAS OF OCCURRENCE 

Pressure  waves showed a marked  tendency to occur 
during  nocturnal  hours.  Maximum occurrence was be- 
tween 2100-2259 CST and 2300-0059 CST, with 80 of the 
157 waves  in  occurrence  during  each of these 2-hour 
periods.  Minimum  occurrence was between 1100-1259 
CST with  only 5 of the 157 waves in occurrence during this 
2-hour  period. Ratio of maximum to minimum is 16 to 1. 
The bihourly  occurrences  according to synoptic discon- 
tinuities  are  summarized  in  table 5 and  the bihourly  fre- 
quency  distribution of all  elevation type waves is  graphed 
in figure 15. 

Elevation  type  waves showed some tendency to occur 
more often  in  certain  portions of the network than  in 

TARLE 4"Cases of elevation type wave8  according to their maximum 
amplitude 

I Number of cases 
I" 

frontal 
squall 

0.01-0.05 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 
o.oB-o.10- "_ - - - - - - - - "" 
0.1&0.20 """""""" 
0.11-0.15 __________._____ I 'I 

Isolated 

tinuity 
discon- Total 

-~ 
21 
11 

66 
22 

9 
4 

34 

1 
25 
4 

"" - "" 2 
4 4 

70 

6 0  

cn 
v) 

0 
LL 
0 

50 
a 
40 

30 
m 
f 20 
z 

IO 

0 
I n o I n o I n o  
O ' i  I N N  I I T - 
0 0  
' ( D X  * ; a  (D 

MAXIMUM  AMPLITUDE 
(HUNDREDTHS OF INCHES) 

FIGURE 14.-Frequeney of maximum amplitudes of elevation type waves. 
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TABLE 5.--Bihowly occurrences of elevation type waves 
- 

I 
I" 

Inclusive hours, CST Pre-cold- 
frontal 
squall 
line 

Number of cases 

I I I I 

- ~~ 

2300-0059 ............... 
0100-0259 ............... 
03MH)459.. ............. 
O W 6 5 9  ............... 

09OO-1059.. 
0700-0859 

1100-1259 ............... 
1300-1459 ............... 

1 7 ~ 1  85." 1 ~ 1 6 5 9  

21oO-2259. 
1900-2059 

............... 
............. 

............... 
............. 

............... 
.............. 

16 
16 
11 
8 
6 
3 
1 
5 

15 
9 

16 
19 

00 

u) 
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Q 
0 
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7 0  
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m 3 0  z 
2 20 
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-1 2 
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17 
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1 
1 

20 
14 

29 
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3 
14 4 
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17 

7 
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13 2 
5 2 
2 1 
5 2 

10 3 
13 
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10 15 
1x I 

80 
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74 

52 
38 
20 

14 
5 

40 

72 
' 60 

1 . 0  

INCLUSIVE HOURS (C.S.T.) 

FIGURE 15.-Bi-hourly frequency of elevation  type  waves. 

others.  Maximum  occurrence was at Ellis, Kans., wit,h 
52  of the 157 waves  occurring  there.  However,  a line 
of maxima existed along  a  general  north-south line which 
is  roughly coincident with  the 2,000-foot elevation con- 
tour. An area of secondary  maxima existed farther  east 
where Cottonwood  Falls, Kans.,  had 49  of the 157 waves 
occurring the,re. Here again a line of maxima existed in 
a  general  north-south  line which  is roughly  coincident  with 
the  Flint Hills region of Kansas.  The significance of 
these maxima may be questionable, inasmuc,h as t'hey 
occurred near  the  center of t'he network; a  pressure  wave 
line entering the  network at  random would have  a  greater 
chance of passing the  center of the  network  than  any  other 
portion.  Subsequent  investigations, using data from the 
larger network of the 1953 project,  may  either  prove  or 
disprove the above findings. Although  centers  and  lines 
of minimum occurrence did  not exist, some portions of the 
network experienced fewer waves than  others. Big Bow 
in extreme southwestern  Kansas experienced only 16  of 
the 157  waves. The  number of occurrences for each 
station is shown in figure 16. 

The  fact  that preferred  hours and areas of occurrence 

,". I 

... 
... t + 

FIGURE 16.-Number of occurrences of elevation  type \%.avos per  station.  Isopleths  are 
drawn for every 5 occurrences 

exist for  elevation type waves  might suggest that synoptic 
discontinuit'ies  generally have such  a preference in their 
occurrence. This is not necessarily true. It is  known 
from t,hese data only that those  synoptic  discontinuities 
which coincide with elevation type wave lines have pre 
ferred hours and  arcas of occurrence. 

DEPRESSION TYPE WAVES 
WAVE  PATTERNS 

Depression type wave patterns on the  barograms vary, 
and  any one field seldom has a  unique pattern. A few 
patt,erns, examples of which are shown in figure 2 are: 
Abrupt'  pressure  fall, gradual pressure  fall, and V-shaped 
t'rough. 

RELATION TO SYNOPTIC  DISCONTINUITIES 

Of the 243 pressure wave lines studied 80 were of the 
depression type.  They  are  apparently discontinuities of 
a  unique type which do not coincide wit'h  ordinary  synoptic 
discontinuities.  However,  as will  be  shown later, some of 
them do have  certain  associations  with  various  synoptic 
discontinuities. A depression type wave line, associated 
with a pre-cold-frontal squall  line,  is shown in  the Mav 
13-14, 1952, caw  in figures 4 and 7-11. 

RELATION TO WEATHER 

Whereas  elevation type wave lines are characterized 
by  their coincidence with thunderstorm  activity, depres- 
sion type wave lines are characterized by  their  lack of such 

only that a  fall in  prcssure  has  occurred. I t  does  not  necessarily imply a depression type 
6 Thc expression  "depression type wave" is used  here  in a geometric  sense,  indicating 

uavc  in thc  dynamic sense as defined by Teppcr [141. 
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activity.  Although  thunderstorms were occasionally pres- 
ent  during t,heir passa.ge, such  storms were usually in  the 
dissipating  stage,  having  begun  with the earlier passage of 
an elevation type wave line. 

OTHER  FEATURES 

Motion of depression type wave  lines; size, amplitude, 
and  duration of the fields; preferred hours  and  areas of 
occurrence; etc., were investigated.  These  feat’ures  are 
very  similar to  the corresponding  features of elevation 
type  wave lines, and a discussion of the findings will not, 
be given. 

Depression t’ype waves have been recognized by ot’her 
authors.  Brunk [a, 3J refers to t’hem as  “pressure  pulsa- 
tions.” Tepper [ la ,  141, uses the expression “depression 
type  wave,” which has been  adopted  by  the  author. 

COMBINATION TYPE WAVES 

In  frequent cases an elevation  t’ype wave  was  followed 
by a depression type  wave. Time int’erval  between the 
two waves ranged  from less than  an  hour  to several  hours. 
Of the 243 waves studied  there were 44 cases (88 waves) 
of the combination  type. An example of a combination 
type  wave  is  shown  in  t’he  barogram  in figure 17. 

Although depression type wave lines never coincide 
with any synoptic  discontinuities, those of the combina- 
tion type  may be considered as associated with  certain 
discontinuities. Table 1 shows various synoptic, discon- 
tinuities with  which combination  types  occurred. The  
examples shown in figures 3-11 are combinat’ion types. 

Thunderstorm  activit’y  with a combination type wave 
is rather  sharply defined. It begins abruptly a t  the 
onset of the elevation wave and ceases nearly as  abruptly 
at  the  trough of the depression type wave. 

The fields of combination  type  waves c,overed about  the 
same areas  for  their  component cases with some  excep- 
tions. There was, bowever, a tendency for the field of 
one to  be offset from the field of the  other  by  as  much  as 
200 miles. Centers of maximum amplitude were  offset 
in the same  manner.  Direction of the ofl’sct was usually 
north  to  east for the depression type wave. The offset 
of fields occasionally produced  situations where individual 
stations  in eit!her of the fields  experienced one wave but 
not  the  other. Small,  intense fields were sometimcls 
completely offset from  each  other. 

In  the case of a combination  type wave associated with 
a pre-cold-frontal squall line (see  figs. 5-11), the presence 
of the wave  lines may lead to  erroneous  locations of the 
synoptic discontinuities. Specifically the surface cold 
front  may  be placed incorrectly  in the  trough of the 
depression type wave line. During squall line format’ion, 
this error will indicate an  apparent acceleration of the 
surface  cold front.  Later, when t’he squall line (elevation 
type  wave line) and depression type wave line have dis- 
sipated, the cold front, being correctly  located  again, will 
appear to  have decelerated or even to have  retrograded. 

FIGURE 17.-Example of a conlbination type pressure wave as recorded by the 12-hour 
barograph. 

In  attempting  to  understand  the reasons for a coni- 
bination type wave, the following possibilities are offered: 
(1) In  some cases the depression type wave may represent 
a return  to  normal pressure following the passage of the 
elevation type wave. ( 2 )  In  a sense the micro-trough of 
the depression type wave may represent the area from 
which air  was  removed to build up  the micro-ridge of the 
elevation type wave. (3) The two  waves may represent 
a unique association which is the result of certain 
mechanisms. 

The question  arises concerning those elevation type 
waves and depression type  waves that did not occur in 
combination.  These  explanations are offered: (1) Many 
wa.ves undoubtedly  do  not exist in combination; the 
separate waves occur from  independent mechanisms. 
(2) In  some cases the  apparently missing member of the 
combination may  have existed but  may  have been 
obscured by other  pressure  changes.  An extreme offset 
effect may occasionally make  the combination unrec- 
ognizable. 

Brunk [ 2 ,  31 has recognized the combination of waves 
as related  to  squall lines. However,  there is a t  present 
no conclusive evidence to show that the “pressure pulsa- 
tion” ever develops into a tornado.  Neither should this 
area of low pressure be confused with  the  “tornado 
cyclone” [I] or the “micro-low” [15]. These low pressure 
areas were observed to occur  directly along the elevation 
type wave line. Combination  type  waves  are  separated 
in  time and space. 

ROTATING STORMS 
MICRO-CYCLONES 

It was hoped that more could be learned of the micro- 
low [15] and  the  tornado cyclone [ 11. Although  there 
was  frequent evidence of a fall  in pressure in  advance of 
the elevation type wave line, no important low centers 
along the line could be isolated. Either micro-cyclones 
are exceedingly rare,  or else the  network was too coarse 
to  indicate  them. 

TORNADOES 

It would be  appropriate  to  present a typical  barograph 
trace of a station experiencing a tornado. However, 
except for one or two cases where a small tornado occurred 
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within  a few miles of a  station,  no  high speed barograph 
traces of a  tornado itself were recorded by  the 1952 net- 
work. Although it is generally known that a great 
reduction  in  pressure  occurs  within the tornado, the 
exact  relationship of this pressure  change to pressure 
wave lines is not clear  enough at  this time  to  indicate  a 
sa.tisfact0r.y idealized trace. 

The occurrence of tornadoes  was  generally  (although 
not always) along  elevation type wave  lines, i. e.,  pressure 
jump lines. This is in agreement with earlier  findings of 
Tepper [9, 111. A  total of 143 tornadoes' was reported 
to  have  occurred  over the  network in 1952. These 
tornadoes  occurred  under 55 different synoptic  situations. 
Table 1 indicates the occurrence of tornadoes  according 
to  their  association  with  elevation type wave  lines. From 
this  table it is evident that  any  synoptic  discontinuity 
that is coincident with  an elevation type wave  line,  can be 
suspect of tornadoes. 

It is indicated that a  sizable  number of tornadoes oc- 
curred  without  the presence of an elevation type wave 
field. In  this  regard  certain  possibilities  exist: (1) A 
reexamination of the barograms  with the knowledge that 
tornadoes had occurred,  might  reveal  a  weak  field. (2) 
The field may  have  been  too  local  to  have  been  recorded 
at any of the  barograph  stations. (3) There  may  actually 
have been no field a t  all. 

It was previously  indicated that elevation  type  waves 
occur much  more  frequently  during late evening  hours. 
In view of the  fact  that tornadoes are  thought  to occur 
most often  in the  Central Midwest  area  during late 
afternoon  hours, it  may seem inconsistent that such an 
association exists. This  fact leads us to  the finding that 
the earlier an elevation type wave  line  enters the  network, 
the more likely will be the occurrence of tornadoes. 
Beginning time  for  all  elevation type wave  lines  averaged 
2110 CST. Beginning  times  for  those  which had asso- 
ciated  tornadoes  averaged 1730 CST or 3 hours  and 40 
minutes  earlier. 

In seeking a  further relationship  between  elevation type 
wave lines and  tornadoes, it  became apparent  that tor- 
nadoes did not occur at random  in  the pressure  wave 
field. I t  was possible to  classify  tornadoes into  three 
general categories  relative to  the  portions of the field in 
which they  occurred, as follows: (1) At or  near  the 
inception of the field, (2) At or  near  the  southern 
boundary of the field. (3) At  or  near  the center of 
maximum amplitude. Table 6 summarizes the  number 
of occurrences relative  to these  categories. An idealized 
isochrone chart showing  these  areas of occurrence  is  given 
in figure 18. 

In seeking an answer as  to  why tornadoes  occurred 
in  certain  portions of the field and  not  in  others,  this  fact 
was noted: In most cases where  tornadoes  occurred,  there 
was a  marked difference in  amplitude of the pressure  wave 

reparts and news  clippings. Not all tornadoes  were  confkmed. Although  the accuracy 
7 Reports of tornsdoes were  screened  from all  available sources, including observer 

of these  reports leaves  much to be @desired, the'information  is probably as reliable as it has 
been in previous Sears. 

TARLE &-Number of tornadoes located i n  various paris of the 
pressure wave jield 

Number of 
Location relative  to pressure wave field: tornadoes 

At or near inception of field ................................................... XI 
At or near center of maximum amplitude.. ................................... 47 
At or near  southern  boundary of  field"". .................................... % 
No unique portion of field .................................................... 11 
Undetermined ................................................................ 9 

h'o apparent  pressure wave  field-. ................................................ 30 

Total-. ..................................................................... 143 

r 

FIGWEE 18.-Idealized  isochrone  chart showing preferred  areas of tornado  occurrenw. 
Tornado weas are shaded. 

from one side of the  tornado zone to  the  other. Change 
was always  from little or  no  wave to  an  intense wave. 
Such  changes  frequently  occurred  within  a  distance no 
greater  than  the  spacing  between  stations (25 to 50 miles), 
and  very  likely  within  much  smaller  distances (possibly 
less than  a mile).  Direction of change was either normal 
to  the wave  line  and  in the direction of its motion, or 
northward  along  the  line. A study of the forces prevailing 
to cause  such  variations  in the pressure wave might re- 
veal how tornadoes  are  generated. Specifically a very 
large wind shear  value  might  be  obtained, and  the result- 
ing  vorticity could be sufficient (other  conditions  favor- 
able) to  generate a tornado. 

DUST DEVILS 

On  three occasions dust devils, or whirlwinds, occurred 
very close to the  station at  Big Bow, Kans. On  two of 
these occasions there were no  clouds  in the  sky. Although 
the  dust devils  did not occur  along  pressure  wave lines, 
it is  interesting  to  note that changes in pressure  did occur 
locally.  Pressure  change  on the Big Bow barograph for 
the  best case- was a  nearly  symmetrical V-shaped trough 
of about 1 minute  width  and 0.04 inch depth. 

CONCLUSIONS 
1.  The  frequent occurrence of pressure  wave  lines  and 

associated  weather  indicates that such  weather  is  very 
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common. Much of the  thunderstorm  activity,  severe 
and  otherwise,  in the  Central Midwest  area,  is  related to 
pressure wave lines. 

2. Elevation  type  wave  lines  may coincide with  certain 
synoptic  discontinuities ; namely,  pre-cold-frontal  squall 
lines, isolated  squall  lines,  surface cold fronts,  and cold 
fronts  aloft. They  may also be  isolated. They do  not 
coincide with  surface  warm  fronts.  Elevation type wave 
lines are characterized by  thunderstorm  activity, which 
may  be  severe. 

3. General  features of elevation type wave lines  are 
amazingly  similar,  even  though  such  lines may coincide 
with  a variety of synoptic  discontinuities. 

4. Depression type wave lines are discontinuities of a 
unique  type, which do not coincide with  ordinary  synoptic 
discontinuities. They  are characterized by  a lack of or 
cessation of thunderstorm  activity. 

5. The continuity of pressure  wave  lines  and  their 
continuous  movement  indicates that there  is  nothing 
random about  the occurrence  and  movement of severe 
storms.  Although truly isolated  air  mass  thunderstorms 
occur, many  storms  thus  labeled  actually coincide with 
isolated pressure waves that move  in a regular  manner. 

6. Many elevation and depression type waves occur  in 
combination. 

7. The existence of preferred  hours  and  areas of occur- 
rence suggests that diurnal  and  topographic forces are 
dominant  in the genesis of pressure  waves,  this being 
true  even  though the pressure wave line may be imme- 
diately  related to some  synoptic  discontinuity. The oc- 
currence of pressure waves in  the  Central Midwest  area 
is believed to be  intimately  related  to  the  presence of the 
Rocky Mountains. 

8. The occurrence of most  tornadoes  along  elevation 
type  wave  lines (or pressure  jump  lines) substantiates 
Tepper’s findings.  Tornadoes  occur  in  enough cases (27 
percent for the 1952 season) to  make  this  assocation sjg- 
nifkant.  The  further tendency  for  tornadoes to occur 
in certain  portions of the pressure wave field is of inter- 
est and  may  indicate some of the forces that generate 
tornadoes. 

9. Pressure waves may be of vcry  short  duration  and 
may cover a  very  small  area.  This localizing of the forces 
involves leaves a most difficult forecast  problem. A 
knowledge of typical  features of pressure wave lines will 
help t.o minimize this  problem. 
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